Ten years ago, endoscopic techniques began to prevail in clinical treatment of lumbar disc herniation (LDH), but to date, few studies have reported the clinical efficacy of percutaneous transforaminal endoscopic discectomy (PTED) in treating adolescent LDH. This study aimed to evaluate the surgical outcomes of PTED in treating adolescent patients with LDH.
Introduction
Lumbar disc herniation (LDH) is a common spinal disease, and trauma is the most important pathogenic factor in adolescents. [1] Most adolescent patients with LDH can be cured by conservative treatment. For adolescent patients for whom conservative treatment is ineffective, traditional fenestration discectomy (FD) is considered an effective surgical treatment strategy. Long-term follow-up, however, showed that there were still some patients with lower limb pain after traditional FD. [2] In the past few decades, with the rapid development of minimally-invasive techniques and endoscopic instruments, percutaneous transforaminal endoscopic discectomy (PTED) has come to be considered as a more effective treatment for adult LDH compared with traditional FD. [3, 4] Therefore, the authors conjecture that PTED may also be an effective treatment for adolescent LDH. Besides, there have been few studies on the clinical efficacy of PTED in treating adolescent patients with LDH. Thus, this study was conducted to investigate the efficacy of PTED in treating adolescent LDH.
Patients and methods

Patients
Forty-three adolescent patients who were diagnosed with singlesegment LDH between June 2012 and June 2016 in the Department of Spinal Surgery of the Second Affiliated Hospital of Anhui Medical University (China) were involved in this study. All patients had typical lumbar and leg pain or numbness symptoms and positive signs in the straight leg elevation test, and all showed obvious lumbar intervertebral disc herniation by magnetic resonance imaging (MRI). The diagnosis was confirmed when combined with the clinical performance. None of the patients showed any significant improvement in symptoms after at least 3 months of strict conservative treatment. Patients with lumbar infection, tumors, instability, or spondylolisthesis or other lumbar disorders were excluded.
Methods
Surgical procedures
The adolescent patients with lumbar disc herniation enrolled into our study were treated by PTED between June 2012 and June 2016. Our study protocol was approved by the ethics committee of the Second Affiliated Hospital of Anhui Medical University. To perform the PTED, the patient was placed in the lateral position. A soft cushion was placed beneath the waist causing it to protrude slightly towards the operative side, in order to increase the height of the operative intervertebral foramen. After the puncture site was marked using C-arm X-ray image intensifier guidance, the operation was performed under local anesthesia with 1% lidocaine, combined with analgesic drugs. The local anesthetic was injected above the iliac crest. When the puncture needle reached the ventral margin of the articular facet of the superior articular process, under guidance with a C-arm X-ray machine, then 2 to 3 mL of 1% lidocaine was locally injected. The puncture needle was removed and a guide wire was inserted. A 7 mm long incision was made along the puncture site and the work channel was gradually expanded. An intervertebral foramen mirror light source, camera and washing fluid were connected. The ligamentum flavum and the upper facet of the lower vertebral body were distinguished. An intervertebral foramen was formed with a circular saw under the microscope. This circular saw was then removed and the work sleeve was inserted. The soft tissue was cleaned using radio frequency coagulation under the microscope. The protruded intervertebral disc was removed with nucleus pliers under the microscope and sent to the pathology department. When the patient's self-feeling symptoms were relieved after decompression, a fiber ring was formed by radio frequency ablation. Hemostasis was performed using an endoscope, then the working sleeve was pulled out and the wound was sutured (Fig. 1 ).
Postoperative care
All patients accepted hormtwos and nutritional neurological drugs after surgery. Each patient was routinely given 5 to 10 mg dexamethasone for 1 to 3 days and 1 tablet each time, 3 times a day mecobalamine for 2 to 3 weeks after surgery. According to each patient's individual recovery, patients were allowed to get out of bed to exercise as appropriate under the protection of the waistline at 6 hours after surgery and to go home at 3 to 4 days after surgery. All patients were suggested to perform back muscle function exercises at 1 week after surgery, wear waist circumference within 1 month after operation, and to avoid strenuous activity within 3 months after operation.
Efficacy evaluation
Lower limb pain was evaluated using visual analogue scale (VAS) scores and the Oswestry Disability Index (ODI) preoperatively and at 3 days, 6 months, and 12 months postoperatively. The recovery of lumbar function was evaluated using the modified MacNab score at the final follow-up.
Statistical analysis
All results are expressed as mean ± standard deviation (SD). Data were statistically analyzed using statistical software SPSS 24.0. The obtained data were processed by statistical analysis and evaluated using T test. P < .05 was considered statistically significant.
Results
The operation was successfully completed in all 43 patients. All patients were followed up after surgery and complete clinical data were available. The average follow-up was 18.33 ± 3.24 months after surgery. No related complications occurred and there was no recurrence of LDH within 12 months after surgery. Of the 43 patients, 24 were males and 19 were females. Their ages ranged from 15 to 21 years old, with an average of 18.02 ± 1.67 years old. The average body height was 1.64 ± 0.06 m and the average body weight was 59.62 ± 6.63 kg. The lesions were located at L4/5 in 20 patients and at L5/S1 in 23 patients ( Table 1 ). The VAS scores for lower limb pain were 6.98 ± 0.86 before surgery, 2.07 ± 0.77 at postoperative 3 days, 1.14 ± 0.74 at 6 months postoperatively, and 0.74 ± 0.69 at 12 months postoperatively (Fig. 2) . The ODI scores for lower limb pain were 41.21 ± 2.68, 20.02 ± 2.97, 8.70 ± 2.67, and 2.91 ± 2.29 before surgery and at 3 days, 6 months, and 12 months postoperatively, respectively (Fig. 3 ). The differences in VAS scores and in ODI scores before and after surgery were statistically significant (P < .001). Furthermore, differences in VAS scores and in ODI scores at 3 days, 6 months, and 12 months after surgery were statistically significant (P < .001). The differences in VAS scores and in ODI scores between 6 months after surgery and 12 months after surgery were also statistically significant (P < .001). According to the modified MacNab criteria, the clinical efficacy was excellent in 26 patients, good in 14 patients, and acceptable in 3 patients at the final follow-up. According to the modified MacNab criteria, patients in whom the efficacy were both excellent and good accounted for 93.02%.
Discussion
The most important finding of the study is that PTED is an effective and safe surgical method for the treatment of adolescent LDH. The prevalence of LDH has gradually increased in adolescents, reaching between 1 to 5%. [5] The main pathogenesis includes degeneration, genetic and developmental malformation and, especially, trauma. [6] These factors can lead to pain in a lower limb, which will seriously affect the patient's quality of life. Surgical treatment plays a crucial role in the treatment of LDH in adolescent patients who do not respond to conservative treatment. [7, 8, 9] With the maturation of the traditional FD, orthopedists have shifted their attention to the minimallyinvasive technique which has the advantages of small surgical trauma and fast recovery after surgery. [10] [11] [12] In 1975, Hijikata et al [13] reported the use of percutaneous lumbar discectomy in the treatment of adult LDH. In 1997, Perez-Cruet et al [14] reported for the 1st time that LDH could be treated with microendoscopic discectomy. These 2 studies showed that minimallyinvasive techniques had a definite effect on treatments of LDH and had many advantages compared with traditional FD. However, few publications reported the efficacy of PTED in the treatment of adolescent patients with LDH. Therefore, we conducted this study to evaluate the efficacy of PTED in the treatment of adolescent LDH. Our results suggest that this surgical procedure is an effective and safe way of treating adolescent patients with LDH. The advantages of PTED are as follows: First, because the patient can be operated on under local anesthesia, doctors can communicate with patients at any time to avoid nerve damage.
Second, muscle tissue is not extensively stripped, so patients recover faster after surgery. Third, the range of the surgical field is extended through the use of endoscopic techniques to effectively prevent endorhachis and nerve root injury, which greatly reduces the risk during the operation. Fourth, because the cone is not cut off and the joint is not damaged, postoperative lumbar instability is prevented. [15] Fifth, there is no significant interference with intraspinal tissue during the operation, thus avoiding significant bleeding in the spinal canal and preventing postoperative scar adhesion.
There are several limitations to this study. Firstly, this is a retrospective analysis rather than a prospective controlled study. Thus, high-quality randomized controlled trials will be required to further verify the efficacy of PTED. Secondly, the sample of patients was relatively small, which could affect the results of this study, and a larger sample size will be necessary to confirm the results. Finally, even though our results show that PTED is an Figure 1 . A 19-year-old male patient had a protrusion in the left portion of the L5/S1 intervertebral disc. (A) In the sagittal section, MRI showed an L5/S1 intervertebral disc protrusion on the left. (B) In the cross section, a protrusion could be seen in the left portion of the L5/S1 intervertebral disc, and the nerve roots were compressed. (C) One year after surgery, MRI showed no significant protrusion in the L5/S1 intervertebral disc. (D) One year after surgery, cross-sections showed no significant protrusion in the L5/S1 intervertebral discs, and the nerve roots were not compressed. MRI = magnetic resonance imaging. 
Conclusion
According to our results, ODI and VAS scores improved significantly after PTED. Based on our findings, PTED is an effective and safe surgical method in treating adolescent patients with LDH. Further prospective studies are required to confirm our results. Figure 3 . The ODI scores of lower limb pain at different time-points = Baseline, = 3 days, = 6 months, = 12 months, compared with , P < .01; compared with , P < .01; compared with , P < .01; compared with , P < .01; baseline pre-operative outcome. ODI = Oswestry Disability Index. Figure 2 . The VAS scores of lower limb pain at different time-points = Baseline, = 3 days, = 6 months, = 12 months, compared with , P < .01; compared with , P < .01; compared with , P < .01; compared with , P < .01; baseline pre-operative outcome. VAS = visual analogue scale.
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